The objective of this study was to estimate the variation in the readability of survey items within 2 widely used health-related quality-of-life surveys: the National Eye Institute Visual Functioning Questionnaire-25 (VFQ-25) and the Short Form Health Survey, version 2 (SF-36v2). Flesch-Kincaid and Flesch Reading Ease formulas were used to estimate readability. Individual survey item scores and descriptive statistics for each survey were calculated. Variation of individual item scores from the mean survey score was graphically depicted for each survey. The mean reading grade level and reading ease estimates for the VFQ-25 and SF-36v2 were 7.8 (fairly easy) and 6.4 (easy), re-spectively. Both surveys had notable variation in item readability; individual item readability scores ranged from 3.7 to 12.0 (very easy to difficult) for the VFQ-25 and 2.2 to 12.0 (very easy to difficult) for the SF-36v2. Because survey respondents may not comprehend items with readability scores that exceed their reading ability, estimating the readability of each survey item is an important component of evaluating survey readability. Standards for measuring the readability of surveys are needed. (Am J Med Qual 2006;21:49-56)
Readability is the semantic and syntactic attributes of the written word. It determines the relative utility of a passage of text for persons with varying degrees of reading skills. Readability assessment has been used for decades to help develop schoolbooks appropriate to grade levels. 1 Readability can be estimated using one of many manual and computerized readability formulas that are based on the number of syllables per word and number of words per sentence a passage contains. These formulae provide an indication of the reading skills needed to decipher and comprehend text. 2 Word difficulty and sentence length have been found to be the best predictors of the readability of text. 3 Text readability is, however, only one of many known factors that facilitate reading. Other factors include the reading skills and motivation of the reader, cultural and social appropriateness, linguistics, formatting, and text legibility. [4] [5] [6] Readability formulas that use sentence (syntactic) and word (semantic) variables are the most widely used, given their ease of calculation. 7 Empirical studies of readability measurement date back to the 1920s, when changing social conditions prompted the development of measures of the comprehension of the written language. Increasingly, students from families with limited educational attainment were attending high school. Educators grew concerned that this new class of student was less inclined to use and comprehend vocabulary used in the textbooks of the period and common to families with higher educational attainment. 1 This resulted in the development of several readability formulas. Interestingly, as the social condition of our society again changed after the 1960s, the readability of health communication for primary and secondary prevention of disease among diverse populations became increasingly important.
Interest in the readability of health information emerged in the 1980s. Since then, disparities between the readability of health-related information and the reading skills of patients have been widely reported. [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] Most of these reports are related to the readability of research consent forms and patient education materials. More recently, the readability of Internet-based health information has been reported. 19, 20 Less has been reported on the assessment of survey readability and its importance in survey research.
A literature search on survey readability conducted in May 2005 of Medline (1966-April 2003), CINAHL (1982 ( -April 2003 , ClinPSYC (1993 ClinPSYC ( -2003 , and PsychInfo (2003-2005) databases using keywords surveys, questionnaires, readability, and comprehension yielded 17 articles reporting survey readability as one of the study objectives, the formula used for es-timating readability, and the readability scores. [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] The Flesch-Kincaid (F-K) and the Flesch Reading Ease (FRE) were the formulas most commonly used to assess survey readability (7/17 and 6/17, respectively) ( Table 1 ). However, methods for applying readability formulas to survey text were reported in only 4 of 17 articles (24%), and computerized assessment of readability was reportedly used in 3 of 17 (18%) of the studies. One study reported evaluating the readability of each item separately. None reported variation in the readability of items within surveys.
The average American has a seventh-to eighthgrade reading ability. 38 Vulnerable populations (eg, those living in poverty, racial and ethnic minorities, the homeless, persons older than 65 years) are overrepresented among those having marginal or very limited reading skills. Knowing survey readability may allow researchers to predict validity of responses to self-administered surveys based on a respondent's reading ability. This notwithstanding, reporting only the overall (mean) readability of a survey may mislead researchers about its usefulness among persons with limited reading skills. Such scores do not reflect the variation in item readability scores within a survey. Unlike prose, in which context can help a reader comprehend the meaning of a passage or sentence, in a survey, the reader is expected to comprehend every item independently. Thus, it is likely to be difficult for the average respondent in the United States to com- Jensen, 1987 Marital surveys-9 Forbes-Cottle Instructions and questions 6th-college Devins, 1990 Kidney knowledge Multiple methods Not indicated 9th grade Macey, 1991 Critical care family needs Gunning-Fox Not indicated 9th grade Paolo, 1993 Dissociative experiences F-K Questions 10th grade Beckman, 1997 Clinical outcomes surveys-5 FRE Instructions and questions 8th-9th grade Edlund, 1997 Health plan satisfaction F-K Not indicated 6th grade MacDiarmid, 1997 Urological symptoms Dale-Chall Survey as a whole 6th grade Eaden, 1999 Colitis knowledge FRE Not indicated 74. 3 Pande, 2000 Osteoporosis FRE Not indicated 74. 3 Heyland, 2001 Intensive care unit satisfaction F-K Not indicated 6th grade Kimble, 2001 Cardiac F-K Not indicated 4th grade Rowan, 2001 Foot pain FRE Not indicated 82. 4 Otley, 2002 Pediatric inflammatory bowel disease F-K Not indicated 5th grade Dolovich, 2004 Foot pain FRE Not indicated 82. 4 Travess, 2004 Pediatric inflammatory bowel disease F-K Not indicated 5th grade prehend and respond to surveys that include items that require more than seventh-to eighth-grade reading skills. Surveys with difficult items may be prone to survey nonresponse, item nonresponse, or unreliable responses because of a mismatch between item readability and the reading skills of the respondent. The purpose of this article is to estimate variation in the readability of survey items within 2 widely used health-related quality-of-life (HRQOL) surveys: the NEI Visual Functioning Questionnaire-25 (VFQ-25) and the Short Form Health Survey, version 2 (SF-36v2). The VFQ-25 is a disease-targeted instrument designed to assess the influence of eye diseases on HRQOL. The SF-36 is the most widely used generic measure of HRQOL.
METHODS
The VFQ-25 is composed of 28 items, with 1 item being the first general HRQOL item used in the SF-36. Twenty-five of 28 items that comprise the VFQ-25 items are used to derive a VFQ-25 score. They assess 11 vision-related concepts: general vision (1 item), ocular pain (2 items), near vision (3 items), distance vision (3 items), vision-specific social functioning (2 items), vision-specific mental health (4 items), visionspecific role functioning (2 items), dependency due to vision (3 items), driving (3 items), peripheral vision (1 item), and color vision (1 item). 39 There are no published readability assessments of the VFQ-25.
The SF-36 is composed of 36 items (1 of which is not used to generate scale scores) addressing 8 health concepts: physical functioning (10 items), bodily pain (2 items), role limitations due to physical health problems (4 items), role limitations due to personal or emotional problems (3 items), emotional well-being (5 items), social functioning (2 items), energy/fatigue (4 items), and general health perceptions (5 items). 40 Although the readability of version 1 of the SF-36 has been reported to be at the seventh-grade level, an assessment of the variation in the readability across its 36 items has not been reported.
Readability Assessment
The F-K and the FRE formulas were used to estimate the readability of items within the SF-36v2 and the VFQ-25 surveys. The F-K formula rates text on a US grade-school level such that the average eighth grader would be able to read a document that scores 8.0. Scores generated by the F-K formula are highly correlated with scores from other commonly used readability formulas. 41 However, a limitation of the F-K formula in estimating readability is that it has a measurement ceiling of grade level 12. As a result, we also generated FRE scores. The FRE formula rates text on a 100-point scale: the higher the score, the easier it is to understand the document. Both formulas generate scores based on the average number of syllables per word and the number of words per sentence. The correspondence between the scores for these 2 methods and the reading difficulty rating for the scores are displayed in Table 2 . Because the readability estimate for a passage is equivalent to the average of the readability of its component sentences, we used the F-K and FRE formulas to assess the readability of single items as well as the survey as a whole.
The formulas used for calculating F-K and FRE scores are F-K reading grade level score (0.39Á SL) + (11.8´ASW) -15.59 and FRE score 206.835 -(1.015´ASL) -(84.6´ASW), where ASL is the average sentence length (the number of words divided by the number of sentences) and ASW is the average number of syllables per word (the number of syllables divided by the number of words).
We selected these formulas because they are available in Microsoft Word programs and are therefore readily available to nearly all investigators interested in assessing the readability of text. Moreover, the use of computerized software reduces the amount of work required to produce readability estimates, eliminates human error inherent in manual calculation, and requires little training. 42 Several items within the surveys presented a unique methodological challenge for assessing readability because of their fragmented formatting. Sentence fragments such as preamble phrases and sub- sequent question choices that comprise stem-leaf formats cannot be tested for readability using computerized methods. These fragments are not scored because they are not recognized by the computer as a complete statement, declaration, or question that ends with a period, exclamation mark, or question mark. To overcome this obstacle, we combined preamble phrases with question choices for items using the stem-leaf format to form complete questions. This approach has been used successfully with the FRE and is in keeping with recommendations to test only running text within pieces of writing. 43, 44 Response options tend to be single words or very short phrases and are likely to score as very easy to read; therefore, their readability was not assessed. The input for the readability assessment (raw data) for both surveys is available at http://www.chime.ucla.edu/ measurement/measurement.htm.
Statistical Analyses
We evaluated the distribution of the readability scores and calculated the mean, standard deviation, median, and range across items. The deviation of item readability estimates from the mean score was examined and displayed graphically. As noted above, the F-K formula has a reading grade level measurement ceiling of 12th grade. Items scoring 12 on the F-K formula may actually have a readability score greater than 12th grade; thus, there is potential for underestimating means, standard deviations, medians, and ranges. However, this computerized method still serves as a useful tool for testing readability and guiding the development of information with enhanced readability.
RESULTS

VFQ-25
The mean and median F-K reading grade level scores for the VFQ-25 items were 7.8 and 8.3, classifying them as fairly easy and average to read, respectively. The standard deviation was 2.6, and the range was 3.7 to 12.0 ( Table 3) . Fourteen of 25 VFQ-25 items had an F-K score above the mean score, and 11 items had an F-K score below the mean score. Eight items scored above 9.0, and 2 items scored 12.0 or greater (Figure 1 ). This means that 40% (10/25) of the VFQ-25 items may not be readable to persons having less than high school reading skills. The 2 items scoring 12.0 using the F-K formula may actually require college-level reading skills to be comprehended given that the F-K has a ceiling of 12.0. However, the FRE formula does not depend on grade level scores and is a good adjunct to the F-K formula. For the VFQ-25 items, the mean and median FRE scores were 68.4 and 67.3, respectively. The standard deviation was 11.2, and the range was 41.8 to 87.9 (difficult to very easy to read). Given the skewed distribution of item readability in both surveys, the median is a better estimate of the central tendency than the mean.
SF-36v2
The mean and median F-K scores for the SF-36v2 were 6.4 and 4.8, consistent with documents that are easy and very easy to read, respectively. The standard deviation was 3.1, and the range was 2.2 to 12.0: very easy to difficult to read ( Table 3 ). Fifteen of the SF-36 items had an F-K score above the mean score, and 21 were below the mean score. Eight items scored above 9.0, and 5 scored 12.0 ( Figure 2 ). This means that 36% (13/36) of the SF-36v2 items may not be comprehensible by persons having less than high school reading skills. The 5 items scoring 12 may require collegelevel educational attainment to be read with comprehension given that the F-K formula does not measure readability above 12.0. The mean and median FRE scores for SF-36v2 questions were 76.0 and 75, respectively, with a standard deviation of 19.2 and a range of 31.7 to 100.0.
DISCUSSION
The results of the study reveal notable variation in the readability scores of items in both the VFQ-25 and the SF-36v2. Where the average readability scores for the VFQ-25 and SF-36v2 suggest that these surveys may be appropriate for people with high school-level reading skills, the variation in the item readability scores suggests that they are not, with some items in each survey requiring college-level reading skills. The readability of the VFQ-25 has not been previously reported. These findings demonstrate that simply reporting survey mean readability does not reflect variation in the readability of individual items. Since respondents are asked to respond to survey items one at a time, the actual level of readability of each item is very important because that is what respondents actually encounter in a survey. Respondents may understand some items but may choose to skip or give invalid responses to items exceeding their reading skills. Although this study demonstrated notable variation in the readability within 2 widely used HRQOL surveys, further studies are needed to assess the prevalence of this potential problem in other widely used surveys. One implication of our findings is the existence of a survey readability disparity for vulnerable populations who tend to have limited reading skills (eg, the elderly, populations living in poverty, racial and ethnic minorities). Importantly, this applies especially to minority populations who experience health disparities and among whom these surveys may be used to gain a greater understanding of their poor health status.
The recommended readability for documents intended for use among vulnerable populations is an F-K score of 5.0 or less or an FRE score of 80 or greater. 45, 46 Indeed, when health care delivery systems and providers prepare written health information for vulnerable populations, it should be at the level of children's books. 47 Figures 1 and 2 demonstrate that 32% (9/28) of VFQ-25 and 50% (18/36) of SF-36v2 items meet these criteria as measured by the F-K score of 5.0 or lower. Consequently, 19 VFQ-25 and 18 SF-36v2 items may not be comprehensible to respondents with limited literacy skills. This has important implications for the reliability and validity of data collected using these surveys in vulnerable populations who bear the greatest burden of chronic disease and account for the majority of health care expenditures.
Readability formulas can help to achieve writing that is easier to read by estimating text reading difficulty and helping authors to tailor their materials to audiences with varying literacy skills. Importantly, readability formulas should be used as estimates of text readability and not as guides to writing itself. The latter is the domain of what has been termed writeability, which is concerned with writing, rewriting, and editing to produce written text that is linguistically appropriate and comprehensible. 6, 7 For example, the words in a paragraph may be scrambled to form a new paragraph that may be incomprehensible, but both paragraphs will have the same readability score. Furthermore, mechanically applying readability formulas to text may lead to poor-quality writing (ie, substituting easier words for harder words and shorter sentences for longer sentences to achieve lower [assumed to be "better"] readability scores). Applying the principles of simplifying text, including the use of commonly used words that tend to be monosyllabic and bisyllabic and using shorter sentences that are simple sentences (1 clause or idea), may help to avoid this limitation. [48] [49] [50] [51] The methods described in this study may be useful for estimating survey readability and for providing guidance to modify existing surveys and develop new surveys so that they may better match the reading skills of respondents. A limitation of this study is that only 2 surveys were examined. However, they have been widely used across populations with varying socioeconomic status and serve as important examples of the need to establish standards for assessing the readability of surveys. Further studies are needed to gauge the extent to which survey questions vary in readability and to assess their impact on datamodifying issues such as bias and item nonresponse.
Because addressing health disparities among vulnerable populations is a national priority, the development and use of HRQOL measures and other surveys that are readable and understandable by these populations are priorities. Using very easy to read text (fifth-grade reading level) as a standard and assessing reading skills of respondents may open a window of opportunity for enhancing the comprehension of survey items for most populations groups. This also may be a cost-effective approach to survey research because fewer versions of a survey would be needed if the intent were to use the survey cross-culturally and across groups with varying socioeconomic status and reading skills. Given this, we suggest that surveys may not be appropriate for measuring HRQOL for everyone, particularly persons with limited literacy. In the latter case, qualitative methods such as focus groups or in-depth interviews may be more appropriate.
Field testing and qualitatively assessing surveys using focus groups and cognitive interviews add a useful dimension to assessing the linguistic and cultural appropriateness of surveys for specific populations. 52 Estimating the readability of each survey item is an important component of evaluating surveys, particularly if they are intended for administration cross-culturally and to vulnerable populations that tend to have limited literacy skills. The inclusion of item readability may add an important component in assessing the reliability and validity of a survey, particularly when used among vulnerable populations who tend to experience disparities in health. 
